Chromolaena odorata L (Asteraceae) is a bad invasive plant, found in the humid tropics and sub-tropics worldwide. It is used against dysentery, diarrhea, malaria, wound healing, headache and toothache in traditional medicine. In the present study, we investigated the antibacterial activities of different leaves extracts of Chromolaena odorata L. (cyclohexane, dichloromethane, ethyl acetate and butanol) against four clinical diarrheal strains (Klebsiella oxytoca, Salmonella enterica, Shigella sonnei and Vibrio cholera). We demonstrated that C. odorata leaves extracts show an antibacterial activity between 0.156 and 1.25 mg/mL. Bioassay-guided chromatography by bioautography with iodonitrotetrazolium-based colorimetric assay allowed the isolation and identification of two active compounds. After the combination of RP-HPLC, mass spectrometry analysis, 1D and 2D-NMR spectroscopy, we isolated and characterized two active molecules corresponding to 3',4',5,6,7-Pentamethoxyflavone (Sinensetin) and 4',5,6,7-Tetramethoxyflavone (Scutellareintetramethyl ether).
Introduction
Intestinal infectious diseases are widespread around the world, especially in Africa where they constitute the second cause of mortality in children under five years [1] . Among bacteria responsible for these infections, Salmonella enterica, Shigella sonnei and Vibrio cholera, both Gram-negative, are the most represented [2] . S. enterica and S. sonnei are also discovered in the infected intestinal tracts of patients. Non-O1 V. cholerae is associated with sporadic cases of gastroenteritis and extra-intestinal infections whereas Klebsiella oxytoca, over Gram-negative, is held responsible for colitis urinary tract infections, respiratory diseases, post-antibiotic diarrhoea, hemorrhagic colitis [3] , recurrent colitis in Crohn's disease [4] and nosocomial infections [5] . Both bacteria strains are frequently associated with dysentery. Antibiotics are commonly used for severe intestinal infectious but unfortunately, bacteria are continuously develop resistance to antibiotic. Therefore it appears crucial to discover new antimicrobial agents to overcome the overwhelming drug resistance. A potential approach consists of isolating organic compounds from medicinal plants belonging to traditional pharmacopoeias of the world.
According to the World Health Organization (WHO), 80% of the African population uses medicinal plants for their primary health needs and 40% of prescriptions in China are based on medicinal plants [6] . Seventy-five percent of Germans have used complementary or natural remedies [7] and in United States more than 158 million Americans spent $17 billion for complementary and alternative therapy products [8] .
treatment of intestinal infections. Among them, Chromolaena odorata (formerly Eupatorium odoratum) was less studied for antibacterial activities. In Vietnam, fresh leaves or their decoction are used throughout for the treatment of leech bite, soft tissue wounds, burning wounds, skin infection and dentoalveolitis [9] . Furthermore, a study in northern Thailand shows that C. odotrata is used in the primary healthcare of postpartum women. Reports from many users of C. odorata state effects on indigestion and peptic ulcer wounds, bleeding stoppage, healing acceleration, refreshing [10] .
In the present study, we focused on the antibacterial activities of Chromolaena odorata against four bacteria that causes intestinal tract infectious: Klebsiellaoxytoca Salmonella enterica, Shigella sonnei, and Vibrio cholerae. After determination of their minimal inhibitory concentration (MIC) and bioguided isolation, the antibacterial agents from C. odorata were characterized by mass spectrometry and NMR analysis.
Materials and Methods

Bacteria Strains
Four strains (Klebsiellaoxytoca, Salmonella enterica, Shigella sonnei, and Vibrio cholera) were isolated from patients concerned by diarrhea at University hospital (CHRU) of Strasbourg (France) and obtained from the team of Dr. Gilles Prévost. Bacteria are cultivated in Mueller Hinton (MHB, Merck, Darmstadt, Germany).
Plant Material
Chromolaena odorata L. (Asteraceae) is collected during the rainy season in Abomey-Calavi (Benin). The taxonomic identification was obtained from a botanist and a voucher specimen was deposited at the National Herbarium of Abomey-Calavi in Benin (AA6390HNB).
Extraction and Isolation
Leaves were dried in the dark to avoid degradation of the active components and powdered with a blender. An aliquot (50 g) was sequentially extracted under agitation (IKA KS260 Basic, Staufen, Germany) at room temperature (20˚C) with cyclohexane (C 6 H 12 ), dichloromethane (CH 2 Cl 2 ), ethyl acetate (C 4 H 8 O 2 ) and butanol (C 4 H 10 O). After the first extraction with C 6 H 12 (2 × 150 mL, 1 h), the extract was filtered under vacuum and the filtrate was dried in a rotary evaporator (Stuart RE 300, Staffordshire, UK). The residue of this first extraction was dried under the laminar airflow chamber and used for successive similar extractions with the three others solvents.
Each extract (20 mg) was submitted to liquid chromatography on a Sephadex G-25 column (0.9 cm × 3.5 cm, 
Antibacterial Assay
Antibacterial activity of plants extracts was determined by using a microdilution bioassay. Bacteria were cultured aerobically at 37˚C in a Mueller Hinton Broth (MHB, Merck, Darmstadt, Germany) with shaking at 300 rpm for 18 h in an incubator (Tritamax 1000, Heidolph, Germany).
The following bacteria strains were tested: Klebsiella oxytoca, Salmonella enterica, Shigella sonnei, and Vibrio cholera. Bacterial activity was tested by measuring the inhibition of bacterial growth [11] . Extracts (20 mg) were suspended in acetone/water (10:90 v:v, 1 mL) and diluted to a concentration of 10, 5, 2.5, 1.25, 0.625, 0.312, 0.156 mg/mL in MHB. The samples (100 µL) were incubated in 96 wells microplates with 100 µL of a midlogarithmic phase culture of bacteria with a starting absorbance of 0.001 at 620 nm. Each assay was performed in triplicate. Cefotaxime (Sigma Aldrich ChemieGmbh, Steinheim, Germany) was used as positive control. Bacterial growth in the absence of antibacterial agents is used for control and acetone/water (10:90; v:v) was also tested. After 18 h of incubation under agitation at 37˚C, the Minimal Inhibitory Concentration (MIC) was determined by addition of 40 µL of Iodonitrotetrazolium chloride (INT, Sigma Aldrich Chemie GmbH, Stein-heim, Germany) [12, 13] at 0.2 mg/mL and the plates were incubated for 1 h at 37˚C [13] . Bacterial growth was assessed by a reddish-pink color and the MIC was determined as the lowest concentration of plant extract for which the color does not turn red after the addition of INT.
Isolation of the Active Components Present in Plant Extracts by Bioautography
Isolation of the active components was obtained by using the bioautography procedure [12, 13] . 
RP-HPLC
In order to purify the active components, the supernatants were analyzed by HPLC using a DIONEX Ultimate 3000 system and a Vydac C18 218TP510 Grace column 
MALDI-MS Analysis (MALDI-TOF/TOF Ultraflex
TM )
Mass measurements were performed using MALDI-TOF (Ultraflex TM MALDI-TOF/TOF, BrukerDaltonics, Bremen, Germany). This instrument was used with a positive reflectron and a maximum accelerating potential of 25 kV applied to the target and 26 kV applied to the reflectron. The value of the delayed extraction was optimized to 110 ns in order to obtain the best resolution of the peptides used for calibration. The laser used was a nitrogen laser (337 nm) operating at a frequency of 20 Hz. Data acquisition was performed in a mass range from 100 m/z to 500 m/z. Extracts (0.5 µL) were mixed with matrix (0.5 µL) loaded on the target and dried at atmospheric pressure using the dried droplet method. In order to increase the sensivity of the technique, two matrices were used: -cyano-4-hydroxy-cinnamic (CHCA) (BrukerDaltonics. Coventry, UK) and 2,5-dihydrobenzoic acid (DHB) (Sigma Aldrich, Steinheim, Germany). A saturated solution of CHCA matrix in H 2 O/ACN, 1:1 was diluted three times with H 2 O/ACN 50:50 acidified with 0.1% TFA. DHB matrix was prepared at a concentration of 10 mg/mL in H 2 O/ ACN, 1:1.
Gas Chromatography-Electron Impact MS
MS analyses were performed using an Agilent Technologies 78901A (Santa Clara, CA, USA) gas chromatograph equipped with a split/splitless programmed temperature injector and an Agilent J&W DB5MS fused silica column (30 m by 0.25 mm; film thickness, 0.25 µm) connected to a JEOLAccut of JMS-T100GCV spectrometer (ChemSW, Inc., Fairfield, CA, USA). The mass spectrometer was operated in electron impact mode at 70 eV, and spectra were recovered over a mass range from m/z 35 to 700 with a cycle time of 0.4 scans/s. The oven temperature was programmed to increase from 80˚C to 300˚C at a rate of 10˚C/min, and then kept isothermal for 8 min. The other conditions were as follows: helium split, 1:10; constant flow rate, 1 mL/min; transfer line temperature, 280˚C and MS source temperature, 250˚C. Samples were injected with an auto-injector at 280˚C using the split mode with a ratio of 1:5.
Spectroscopy NMR
The two isolated compounds were dissolved in CDCl 3 and analyzed using a BRUKER Avance III 500 MHz spectrometer equipped with CapNMR TM Protasis 5 µL Probe Head (Savoy, IL, USA).
Results
Antibacterial Activity
Chromolaenaodorata selection was based on an ethnopharmacological survey conducted among traditional healers of Benin. 14 plants were selected and tested in a preliminary study and C. odorata was selected as one of the most active plant. C. odorata leaves extracts were prepared and antibacterial activity extracts was determined by using iodonitrotetrazolium salt. Results demonstrate that C. odorata display an antibacterial activity ranging from 0.156 to 1.25 mg/mL against Klebsiellaoxytoca, Salmonella enterica, Shigella sonnei and Vibrio cholerae ( Table 1 ). The best activity was obtained against V. cholerae with a MIC of 0.156 mg/mL for the dichloromethane extract and a MIC of 0.312 mg/mL for the butanol extract.
Separation of Organic Compounds and Bioguided Isolation of Active Molecules
After purification of the extracts on a Sephadex G-25, TLC was performed (Figure 1) . CH 2 Cl 2 and C 4 H 8 O extracts display a high pattern of similarity. In order to improve the separation of the components, we performed a two-dimensional chromatography (Figure 2) combined to a bioautography against Salmonella. We were therefore able to detect two major inhibition zones (Cp 1, Cp2; Figure 2(a) ) of bacterial growth for C 6 H 12 , CH 2 Cl 2 and C 4 H 8 O leaves extracts. These three extracts were pooled for the isolation of molecules. The inhibition zones named Cp 1 and Cp 2 ( Figure  2(a) ) were recovered and isolated by RP-HPLC showing major peaks at 12 min and 24 min respectively (Figure  2(b) ).
Characterization of Active Molecules
The molecular formula of Cp 1 and Cp 2 was determined as C 20 H 20 O 7 at m/z 372 and C 19 H 18 O 6 at m/z 342 Table 1 . Antimicrobial activity (MIC in mg/mL) of Chromolaena odorata leave extracts.
Minimal inhibitory concentration (mg/ml)
Microorganisms
Cyclohexane extract (Figure 3) .
The synthetic molecules corresponding to our natural isolated compounds were purchased from Extrasynthese (Genay, France) and their NMR spectra were compared showing similar profiles between the two series of analysis.
Discussion
Recent data demonstrated that the bacteria used in this study were resistant to antibiotics. In 2011, Younes re- ported that K. oxytoca isolated from Scottish patients display a resistance to cefotaxime and ceftazidime. This resistance is due to the expression of cefotaximase by the bacteria [14] . Furthermore, during the last decade resistance of Salmonella for ciprofloxacin was reported in the United States [15] . Several strains of Shigella also display antibiotic resistance to tetracycline and trimetropine-sulfamethoxazole. Another study in the Zhejiang province (China) highlighted the resistance of Shigella to multiple antibiotics, such as aztreonam (30.8%), ampicillin (92.3%), piperacillin (61.5%), ceftazidime (30.8%), cefotaxime (30.8%), and gentamicin (53.8%). V. cholerae is also able to develop multiple drug resistances against antibiotics as reported in 2010 [16] . All these examples strongly argue to find new active agents. For this, screening of the antibacterial activities of medicinal plants constitute a promising route towards the discovery of new antimicrobial compounds.
Some studies demonstrated that C. odorata leaves extracts display antibacterial activities against Pseudomonas aeruginosa, Streptococcus faecalis [17] , Neisseria gonorrhoeae [18] and antifungal activities against Cryptococcus neoformans, Microsporumgypseum, Trichophytonmentagrophytes and Trichophytonrubrum [19] . In addition, methanol/dichloromethane (1:1) extraction of C. Odorata's roots, showed a significant antibacterial activity against Escherichia coli and Salmonella typhi [20] . C. odorata also displays antiinflammatory activities [21] and contributes to wound healing [22] , hemostasis and blood coagulation, antioxidant activity [23] as well as cytotoxic effects against cancerous cells [24] [25] [26] [27] .
The two compounds identified in this study belong to the flavonoid family. Flavonoids are polyphenolic compounds mostly present in vegetables. Some flavonoids isolated from medicinal plants show important biological activities such as antiallergic, antiinflammatory, antiviral, anticancer, antioxidant. Interestingly flavonoids exert anti-inflammatory activities in bowel inflammation disease [28] . The two flavonoids identified in this study, sinensetin and scutellareintetramethyl ether have already been identified in a chemical study [29] . In addition, other studies shown that these molecules are quoted as having anticancer, antioxidant properties and in preventing obesity [30] . For the first time, our study demonstrated that Chromolaena odorata antibacterial properties are associated with sinensetin and scutellaréinetetrametyl ether. Some data suggest that composition of medicinal plants varies along the seasons and many others factors [31, 32] . Thus, the two flavonoids isolated from C. odorata might be used as markers of the antibacterial properties of this plant.
To conclude, this study describes for the first time antibacterial activity of C. odorata against four diarrheagenic pathogens strains and validates somehow tradi-tional use of this plant in the treatment of intestinal infectious diseases. Bioguided isolation by chemical and biological methods allowed us to characterize two flavonoids, sinensetin and scutellareintetramethyl ether as responsible for these antibacterial activities of Chromolaena odorata.
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